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The object of research is image compression algorithms
based on mathematical methods. The main problem with image
compression is loss of quality during recovery. The approach
is proposed in which the user can determine the quality of the
reconstructed image itself. This is achieved due to the use of the
spline interpolation method, which allows to set the compression
ratio, thus controlling the quality of the decoded image.

The use of the spline function for image compression makes
it possible to reduce the processing time of files due to the sim-
plicity of the mathematical model of the algorithm. Given the
accuracy of the restored image, the algorithm determines the size
of the compressed file, depending on the color scale.

As a result of the analysis of the proposed development, the
compression coefficients are shown, which show that the size of
the compressed image can be smaller than the original image by
50-70 %. The decoding is performed using known spline func-
tion coefficients. The result is compared with the original file.
The difference between the intensity of the points of the source
and decoded images determines the quality of the restoration.

An algorithm is obtained that allows one to specify the ac-
curacy of the reconstructed image. This result depends on the
weighting coefficients of the spline function, which affect the
accuracy of the construction of the approximating polynomial.
A feature of the proposed approach is the ability of the user to
specify the accuracy and quality of the image after decoding. This
is achieved due to the fact that points close in intensity value are
restored with a small error.

In this paper, let’s propose an approach involving the sequen-
tial extraction of blocks of points of equal intensity. For the se-
lected blocks, an approximating polynomial is constructed based
on the spline function, and the coefficients of the polynomial
are transferred to a file containing information for image recon-
struction. So it is possible to obtain large compression ratios by
building a polynomial for blocks containing points that are close
in intensity.

Keywords: images coding, compression images, raster images,
coefficients of the spline function, approximating polynomial.
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The object of research is the process of selecting a synergis-
tically determined pair for the elements of complex systems in
the design, manufacture or repair. One of the most problematic
places in the selection is the need to numerically evaluate the re-
sult of combining the elements, taking into account the explicit,
additive properties of elements and hidden manifestations of the
pair that are unusual for the elements alone (emergence). Lack of
accounting for emergence can significantly distort the apparent
picture of the processes taking place in systems, which makes
many existing models of such processes inadequate.

During the research, methods of extracting information from
arrays known, hidden for direct observation were used. In parti-
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cular, four-layer hidden Markov models with an additional hid-
den layer were used. The models were trained by the Baum-Welch
method, adapted to work with an additional layer. As training
samples used data obtained as a result of statistical processing of
information available for object monitoring, expert assessments,
as well as data obtained in the world’s computer networks.

The test of the method and model on real medical and techni-
cal objects confirms their clinical and technical effectiveness. In
particular, thanks to this in the medical industry:

— in the medical industry, the incidence of thromboembolism
of the branches of the pulmonary artery and deep veins of the
thigh and lower leg are decreased by 65 %;

— frequency of postoperative bleeding is decreased by 43 %;

— by 36 % the total number of drug-related medicines aimed
at correcting the blood coagulation system is decreased.

In the technical field, the test results confirm the increase in
the service life of rubber-metal shock absorbers by 14.5 %.

This is due to the fact that the proposed method has a num-
ber of features, in particular, for the first time in its evaluation of
emergence a four-layer hidden Markov model is used.

The results obtained in the work make it possible to propose
a general scheme of an intellectual decision support system in
the selection of a synergistically determined pair of elements for
complex systems of various purposes.

Keywords: synergetic effect, accounting for emergence, hid-
den Markov model, hidden layer, adequacy of the model.

References

1. Skott, M. (2007). Operativnaya pamyat’. Modernizaciya i remont
PK. Moscow: Vil’yams, 499-572.

2. Podbor dinamikov. Audiomania. Available at: https://www.audio-
mania.ru/content/art-1740.html

3. Stanovskyi, O., Toropenko, A., Lebedeva, E., Dobrovolska, V.,
Daderko, O. (2017). Compensation of the spatial deviations of
measuring elements in CAD. Technology Audit and Production
Reserves, 1 (2 (39)), 52—60. doi: http://doi.org/10.15587,/2312-
8372.2018.123502

4. Stanovskiy, A. L., Pozdnyakov, V. Yu. (2007). Koncepcii siste-
my podderzhki avtomatizirovannogo perevoda stihotvornogo
teksta. Trudy Odesskogo politekhnicheskogo universiteta, 2 (28),
162-165.

5. Afanas’ev, 1. B., Baturin, Yu. M., Belozerskiy, A. G. (2005).
Mirovaya pilotiruemaya kosmonaotika. Istoriya. Tekhnika. Lyudi.
Moscow: RTSoft, 752.

6. Glushan’, V.M., Karelin, V. P, Kuz'menko, O. L. (2009). Nechetkie
modeli i metody mnogokriterial'nogo vybora v intellektual'nyh
sistemah podderzhki prinyatiya resheniy. Izovestiya Yuzhnogo
Jfederal’nogo universiteta. Tekhnicheskie nauki, 106—113.

7. Poisk pary chisel optimal’no blizkih k zadannomu konstantnomu chis-
lu. MQLS. Available at: https://www.mql5.com/ru/forum/216667

8. Luciv, D. V,, Koznov, D. V, Basit, H. A., Terekhov, A. N. (2016).
Zadacha poiska nechetkih povtorov pri organizacii povtornogo
ispol’zovaniya dokumentacii. Programmirovanie, 4, 39—49.

9. Pimenov, V. Yu. (2009). Vychislitel'no-effektivniy metod poiska
nechetkih dublikatov v kollekcii izobrazheni. Rossiyskiy seminar
po Ocenke Metodoov Informacionnogo Poiska. Trudy ROMIP 2009.
Sankt-Peterburg: NU CSI, 89—-107. Available at: http://romip.ru/
romip2009,/09 _ifm.pdf

10. Nesterenko, S. A., Stanovskyi, A. O., Toropenko, A. V. (2013).
Metod diahnostyky stanu struktury skladnoho obiekta mashy-
nobuduvannia. Suchasni tekhnolohiyi v mashynobuduvanni, 8,
116-123.

11. Nesterenko, S. A., Stanovskyi, A. O., Toropenko, A. V., Shvets, P. S.
(2015). Transformation of the structure of complex technical
systems with partially unusable elements to the visual image.
Eastern-European Journal of Enterprise Technologies, 5 (3 (77)),
30-35. doi: http://doi.org/10.15587/1729-4061.2015.51186

12. Nesterenko, S. A., Stanovskyi, A. O., Oborotova, O. O. (2015).
The wireless computer networks state recognition over the three-
dimensional field of directions. Technology audit and production
reserves, 6 (2 (26)), 28-35. doi: http://doi.org/10.15587,/2312-
8372.2015.56825

13. Chatzis, S. P,, Kosmopoulos, D. (2012). Visual Workflow Recog-
nition Using a Variational Bayesian Treatment of Multistream
Fused Hidden Markov Models. IEEE Transactions on Circuits and
Systems for Video Technology, 22 (7), 1076—1086. doi: http://doi.
org/10.1109 /tesvt.2012.2189795

14. Starner, T,, Pentland, A. (1995). Real-Time American Sign Lan-
guage Visual Recognition From Video Using Hidden Markoo
Models. MIT.

15. Blasiak, S., Rangwala, H. (2011). A Hidden Markov Model Va-
riant for Sequence Classification. [JCAI Proceedings-Internatio-
nal Joint Conference on Artificial Intelligence, 1192—1197.

16. Chatzis, S. P. (2010). Hidden Markov Models with Nonellipti-
cally Contoured State Densities. IEEE Transactions on Pat-
tern Analysis and Machine Intelligence, 32 (12), 2297-2304.
doi: http://doi.org/10.1109/tpami.2010.153

17. Petropoulos, A., Chatzis, S. P, Xanthopoulos, S. (2016). A novel
corporate credit rating system based on Student’s-t hidden
Markov models. Expert Systems with Applications, 53, 87—-105.
doi: http://doi.org/10.1016/j.eswa.2016.01.015

18. Domingos, P. (2015). The Master Algorithm: How the Quest for
the Ultimate Learning Machine Will Remake Our World. Basic
Books, 352.

19. Boudaren, M. E. Y., Monfrini, E., Pieczynski, W., Aissani, A.
(2012). Dempster-Shafer fusion of multisensor signals in non-
stationary Markovian context. EURASIP Journal on Advances in
Signal Processing, 2012 (1). doi: http://doi.org/10.1186/1687-
6180-2012-134

20. Chto takoe sinergiya? KlubOK.net. Available at: http://www.
klubok.net/article2005.html

21. Stanovska, I., Koshulyan, S., Toropenko, O., Daderko, O. (2018).
Intellectual risk management in projects of transportation of
large vehicles by the game theory. Bulletin of the National
Technical University «KhPI». Ser.: New solutions in modern tech-
nologies, 9 (1285), 147-152. doi: http://doi.org/10.20998 /2413-
4295.2018.09.21

SYSTEMS AND CONTROL PROCESSES

DOIL: 10.15587/2312-8372.2018.134120
ANALYSIS OF E-DOCUMENT MANAGEMENT SYSTEMS IN
UKRAINE AND CRITERIA FOR THEIR SELECTION
page 18-24
Chaikovska Olena, PhD, Associate Professor, Head of the
Department of Computer Sciences, Kyiv University of Culture

and Arts, Ukraine, e-mail: lena@knukim.edu.ua, ORCID: hitps.//
orcid.org/0000-0001-7769-1004

Stolyarchuk Irina, PhD, Senior Lecturer, Department of Com-
puter Sciences, Kyiv University of Culture and Arts, Ukraine,
e-mail: irina77st@gmail.com, ORCID: https://orcid.org/0000-
0002-2536-6696

The object of research is the criteria for selecting the e-docu-
ment management system (EDMS) in the I'T market of Ukraine
and the life cycle of the management decision in the EDMS.
One of the most problematic places is the lack of systematic
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research on the state and peculiarities of the implementation of
document management automation systems in Ukraine. Data
on market volumes and development prospects are approximate
and are determined on the basis of the assessments of the market
participants themselves. In such circumstances, the choice of
software for e-document management is becoming a challenge.
The modern process approach in EDMS obliges the customer to
clearly represent the essence of automation processes. A signifi-
cant factor affecting the success of e-document implementation
projects is the need to formalize the basic processes.

In the process of research, the following methods were
used: bibliographic, monographic, comparative and synthetically
analytical, method of logical generalization and systematization,
algorithmic with graphical representation of the results.

The complex analysis of the features of the introduction and
actual trends in the development of the world and Ukrainian e-
document management systems was conducted. Taking into ac-
count these features and trends, a system of effective evaluation
criteria for software for the automation of Ukrainian document
management has been developed. The criteria are divided into
groups corresponding to the stages of the life cycle of the auto-
mated system and the requirements of the modern IT market.

The developed system of criteria allows the enterprise-cus-
tomer to carry out the optimal choice of software for introduc-
tion of e-document circulation on the set of those criteria that
satisfy its automation tasks.

The detailed description of the formalized algorithm of the
life cycle of the management solution in e-document manage-
ment systems of Ukraine is given. Thanks to the use of such algo-
rithms, at the start of the implementation projects, the customer
enterprise provides a clear understanding of the essence of the
automation processes, which, accordingly, reduces the risks of
the project.

Keywords: c-document management systems, management
of information resource, process management, selection criteria.
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The object of the research is the project of a logistics center,
which is considered as an organizational and production inte-
grated complex system, the main task of which is provision of the
conditions for the integration of various objects of logistical and
related infrastructure in one territory. This provides an opportu-
nity to improve the movement of logistic flows.

One of the most problematic places is the lack of a project-
oriented approach in the creation of a logistics center, which
is characterized by a large number of participants, changing
throughout its life cycle. This leads to the emergence of integra-
tion project risks, for the prevention of which it is necessary to
develop an approach to qualitative risk analysis that takes into
account the specific features of the research object.

In the course of the study, the concept of «integration project
risk» is defined and a sequence of qualitative analysis of inte-
gration risks in the project of creating a logistics center is also
developed, which consists of using quality management methods,
namely: Pareto analysis, ABC analysis and Ishikawa cause-and-
effect analysis. The application of methods of qualitative analysis
is carried out in a logical sequence. The output data obtained
from the previous analysis is the input for the next stage of the
study.

The obtained results of a qualitative risk analysis allow at the
initial stage of the project to increase the impact on its results by
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reducing the degree of integration risks. In particular, the Pareto
analysis is proposed to be used to identify the main reasons for
the emergence of integration risks for the project of creating a
logistics center. ABC-analysis allows to identify project partici-
pants who have the greatest number of integration ties. There-
fore, the withdrawal of such a participant from the project will
bring the greatest violations of integration between the elements
of the system. The Ishikawa cause-and-effect analysis makes it
possible to identify the causes of the disruption of integration
ties between the project participants and to determine the least
powerful integration ties between the participants.

Consequently, using of the proposed sequence of qualita-
tive analysis will identify the project participants who are most
vulnerable to the impact of integration risks and determine the
power of integration ties between them. This, in turn, will allow
taking measures to prevent the approaching of integration risks
in the project of creating a logistics center.

Keywords: project of creating a logistics center, integration
risks, qualitative analysis of project risks.
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The object of research is the methods of recognizing the
speaker gender by means of speech signals. One of the most
problematic places is insufficient knowledge of the choice of signs
and decisive rules. This is necessary to increase the probability
of correct recognition and noise immunity of gender recognition
by voice signals in conditions of interference. It is also important
to simplify the implementation of algorithms for recognizing the
speaker gender.

For recognition of the speaker gender, a new set of clas-
sification characteristics is selected, including the joint use of
estimates of the average value of the pitch frequency, its kurtosis
coefficient, estimates of the mean values of the formants and their
asymmetry coefficients. In the course of the research, the method
of statistical testing of the proposed algorithms on a personal
computer is used. The experiments are carried out using real au-
dio signals input from a microphone into a personal computer for
both female and male representatives, and recorded as separate
files. For this purpose, 10 standards of 10 words are used for each
of the 5 female speakers and 5 male speakers.

Based on the results of statistical tests for an algorithm in-
volving the joint use of estimates of the mean value of the pitch
frequency, its kurtosis coefficient, estimates of the mean values of
the formants and their asymmetry coefficients, an average pro-
bability of correct recognition is obtained 1. With the additional
action of additive noise of the Gaussian type, white noise and the
ratio of the signal /noise g=20, for such algorithm the probability
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of correct recognition is experimentally obtained — 0.8. For the
decision algorithm, which uses only estimates of the average
value of the pitch frequency and its kurtosis coefficient, an aver-
age probability of correct recognition is estimated at 0.9. This
indicates more noise immunity of such algorithms.

In the future, the use of the obtained results not only for Rus-
sian and Ukrainian languages, but also for a number of foreign
languages is supposed.

Keywords: speaker gender recognition, formant-band signs,
asymmetry coefficient, pitch frequency.
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The object of research is digital literacy. There are many
methods for assessing the level of digital literacy in society. Par-
ticular attention is paid to the conceptual model of the formation
and evaluation of the level of digital literacy, which involves
identifying all areas of knowledge, skills and connections that
should be considered for development of digital competence.

One of the most problematic places is that full-scale imple-
mentation of digital competences, in accordance with the con-
ceptual model, is significantly complicated in modern Ukrainian
society. The structure of digital competencies for specialists from
different fields is not harmonized, it does not take into account
the special professional needs, which should focus on the forma-
tion of curricula and training materials designed to form the
appropriate digital skills. The educational reform that is taking
place in Ukraine is fundamentally changing approaches, methods
and learning technologies. At the same time, decisive changes in
the direction of digitization of education and the provision of
skills to the relevant digital competences to different groups of
the population can only be achieved if the state supports edu-
cational reforms. International standards for measuring global
computer literacy in Ukraine are only beginning to be used,
which does not allow Ukrainian citizens to fully realize their
potential.

During the research, the necessity of harmonious introduc-
tion of digital technologies in the educational process of univer-
sities was substantiated, the principles of Ukraine’s development
in the digital community and the basis for the development of
its digital economy were determined. The article proposes an
author’s model for measuring the digital competence of students,
which is the evolution of a pyramid model of digital literacy.
This model links the components of digital literacy with the
development processes from the general methods of using digital
competences to the improvement of the digital skills needed
by specialists of certain branches. It is very important that this
model focuses on the need to change the digital competences
depending on the context of professional activity.

Keywords: digital competences, postindustrial education,
information society, digital literacy, media literacy, information
literacy.
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The subject of the study is the wireless sensor network of the
ZigBee protocol, which in this study is proposed for performing
the function of measuring the distance between objects. The
main areas of application are security facilities, such as ware-
houses, shops, exhibitions and expositions, where it is important
to control the movement of valuables in a limited area with
a large concentration of people. The sensors are made on a flex-
ible basis, attach to valuable objects and all the time transfer
information about the distance relative to each other. One of
the most problematic places is the limited bandwidth of data
transmission channels. Also, for the above-described rooms are
all kinds of obstacles, like mechanical (walls, partitions, metal
shelves), and radio interference, for example, wireless network
interfaces of buyers’ phones and others.

The study used a method to improve the performance of
wireless sensor networks within computerized distance measure-
ment systems based on the decomposition of the lower levels of
the OSI reference model.

The same capacity indicators as for analogues were obtained,
but the load that the network node sustained was 2.5 times
higher. This is due to the fact that the proposed method of
increasing productivity, has a number of features that improve
performance characteristics, in particular in areas of uncertain
reception almost twice.

Thanks to this, it is possible to operate the network at
a maximum speed of 32.5 Mbps. Compared to analogs in which
the maximum speed is 12.5 Mbps this provides more accurate
results of distance measurement. Also, thanks to this speed re-
serve, the best noise immunity is provided, as well as the ability
to locate network nodes at distances that are greater than those
of analogues.

Keywords: wireless network, mechanical quantities, compu-
terized measurement system, information-measuring system.
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The object of the research is the processes of managing
resources of queues in network devices of telecommunication
networks.

The one of most problem places is ineffective management of
queues in network devices that results in worsening the servic-
ing quality. They are based mainly on decentralized algorithms
of managing resources, realized on separate nodes of networks.
The other important disadvantage is realization of the static
hand strategy of allocation of channel resources, which managing
process is not always adequate to the profile of input traffic. At
the same time solutions, received on separate network nodes in
concrete time moments, are not coordinated in the process.

For eliminating the aforesaid shortcomings, there is offered
to use the improved method of servicing queues in network de-
vices, one of key differences of the offered method is in the con-
trol over the time packets’ being in queues. And under conditions
of exceeding the permissible time of waiting, a packet is transmit-
ted on a queue with a lower priority and first-turn servicing. It
gives a possibility to improve the effectiveness of allocation of
network resources by the criterion of servicing quality.

For realizing this approach, there was developed the soft-
ware-based router model that, as opposite to known ones, has a
module structure and gives a possibility to reproduce the work
of a telecommunication network of any configuration in the real-
time mode. It is provided to use the router prototype for adaptive
servicing the load of the main level. Comparing to analogous sys-
tems, created, based on CISCO equipment, the aforesaid model
provides competitive advantages at the guaranteed quality of
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servicing the determined real-time streams with the synchro-
nous decrease of cost and complication of their setting. Under
conditions of the additional productivity of hardware of the
router prototype, the offered model is realized by the developed
software. It provides an advantage by the efficiency of delivering
correspondent real-time stream, namely decrease of delays at
their processing reaches 40 %, jitter decrease — 35 %.

Keywords: multiservice network, quality of service, resource
allocation, software-based router model.
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The object of research is a prefix model for calculating adding
and transport signals in a parallel adder circuit with a parallel
transfer method. One of the most problematic places in the prefix
model is the process of generating adding and carry signals, in
which the beginning of the prefix calculation is provided from
the first bit of the circuit. This leads, in the end, to excessive ac-
cumulation and complications of the hardware part of the device.

In the course of the research, a mathematical model is used to
calculate the adding and carry signals in a parallel adder circuit
based on the properties of a directed acyclic graph with two typi-
cal operations.

The complexity of the logical structure of the adder of binary
codes is reduced, the depth of the circuit is reduced and the total
length of the connecting wires is reduced. This is due to the fact
that the proposed method for calculating adding and transport

signals has a number of features of the device circuit synthesis, in
particular, the application of a mathematical model based on the
properties of an acyclic graph is calculated for:

— process of sequential (for lower order devices) and pa-
rallel calculation of adding and carry signals, which, in the end,
reduces the complexity of the hardware of the device and does
not increase the depth of the circuit;

— comparison of the number of computational steps of an
oriented acyclic graph with the number of transfers of one to the
high-order bit in the adder circuit, which allows to determine the
optimal number of computational steps for the structure of the
device.

Due to this, it is possible to obtain optimal values for the
complexity of the structure and the depth of the adder circuit.
The connection between the number of computational steps
of an oriented acyclic graph and the number of transfers in the
parallel adder circuit with a parallel transport method indicates
the expediency of comparing the structure of the adder with the
corresponding oriented acyclic graph.

In comparison with similar known structures of 8-bit prefix
adders, this provides an increase in the quality index of 8-bit
acyclic adders, for example, by power consumption, the chip area,
depending on the chosen structure, by 10-40 %.

Keywords: acyclic model, prefix model, directed acyclic
graph, Ling Adder, Kogge-Stone Adder, Brent-Kung Adder.
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The object of the study is the modeling of multifactor

systems in the sphere of geometric econometrics. Modeling of
economic, ecological and any other processes that occur at real
objects of management has its own peculiarities. In particular, its
goal is to provide the basis for making the optimal management
decision in the field of activity that is modeled. Currently, a wide
range of methods and models have been developed.

One of the most problematic places is the need to take into

consideration a large number of initial information of a different
physical nature. This greatly complicates the model. Adequate
models are complex, have limitations on the number of fac-
tors, and are not universal. Simpler universal models are rather
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approximate, with low adequacy. These shortcomings are elimi-
nated in the method of creating universal models, proposed in
the formalized geometric modeling of multifactor processes. This
method should be able to take into consideration any finite set
of factors, the quantity and quality of which could be changed
without restructuring, in this case, the model itself.

In the course of research, the mathematical apparatus of
Balyuba-Naidysh point calculation was used. That made it
possible to conveniently formalize any number of outcomes of
factors of different physical nature. On its basis, a sequence of
constructing a geometric model using point aggregates has been
developed, as well as its advantages and disadvantages. The
basis of the developed method is the use of the properties of the
simple ratio of three points of the line in Balyuba-Naidysh point
calculation.

Owing to this, it became possible to split a complex multi-
factor problem into an appropriate number of simple one-factor
problems, which greatly simplifies the calculations.

Thus, a method for creating universal geometric models
using the Balyuba-Naidysh point calculation is proposed. It
opens up new possibilities for modeling and studying multifactor
systems, in comparison with similar known modeling methods.
The method is universal, takes into consideration any necessary
number of factors of any nature. It also makes it possible, with
changing factors, to conveniently reconfigure the model without
changing the model itself.

Keywords: formalized geometric modeling, aggregation of
elements, Balyuba-Naidysh point calculation, parametric con-
nection, point aggregate.
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